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Tliis memo covers several aspects of the memory system for tlie Dandelion processor. The memory
system reads and writes 16 bit words for both the processor and the display. The low bank is

shared between the two. Error correction is performed on all words delivered to the processor.
Tlie memory cycle time is 411 nanoseconds (nS). The low 64K words are located on the memory
control card, with up to 128K words located on the storage card. If 64K memory chips are used
instead of 16K chips, these numbers can be multiplied by 4.

Memory Functions

lliis section provides a description of each of the ftmctions of the memoiy system as viewed from
the processor. Both a system level diagram and a detail block diagram of the memory system are
on the following page.

Read

A read operation is started by placing the memoiy address on the Y bus and asserting
'mem' in die first cycle of a click. Bank selection is done by the 2 low order bits present on the YH
bus and Y0,1

. while the word selection within the chip is done by the low 14 bits on the Y bus. The data
can be read back to the X bus at the end of the third cycle by asserting 'mem' during die
third cycle of a click. The address must meet a bit dependent setup time, because the RAS
signal actually latches the most significant 7 bits of die address in a bank during the first

cycle of a click. All data read back is error corrected unless the correction inhibit bit is set
in the MCtl register.

Write

A write operation starts just like a read operation with the address sent out in the first cycle
of a click. The data to be stored must be delivered to the memory during the second cycle
of a click, by asserting 'mem' in tiie second cycle, and placing die data on the Y bus. Error
correction check bits are always calculated and stored automatically by the memory system.

Map Reference

A map reference memory read is just like a regular read, except that die 22 bits supplied by
the Y and YH busses are shifted around to facilitate indexing into a page map, which in

combination with microcode, provides a 22 bit virtual memory system. The low 8 bits

supplied are discarded (since they are the word location on the page), and the high 14 bits (virtual

page number) are moved to the low 14 bits used for the address into real memory. The high
4 bits are 0100, thus fixing the location of tiie 16K map between 65K and 80K in real

memory. In microcode, MapRef should only be selected during cycle 1, and never during
cycles 2 or 3, since nodiing will happen. A diagram of tliis is included in the logic

drawings.
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Refresh

The memory controller contains circuitry to facilitate memory refresh. In particular, the
counter is included on the board and all banks of memory are refreshed at tlie same time.
The CAS (column address strobe) signal is suppresed during refresh, thus minimizing the
current used in refresh. Refresh is initiated by asserting the refresh control signal from the
processor during cycle 1 of a click. Refresh should not be asserted during cycle 2 or 3 of a
click or when the display is using the low bank, since nothing will happen in these cases.
While the 16K chips require only 128 refresh cycles every 2 mS, it is recommended that
microcode implement 256 refresh cycles every 2 mS until it is clear that 64K memory chips
can be delivered with 256 cycles every 4 mS.

Display Lockout

The low 64K of the memory is shared between the display and the processor. I'hc display
has priority. System timing is cyclic, with 5 clicks per round. When actually scanning a
line, the display consumes clicks 1 tlu'ough 4, leaving click 5 for the processor. Thus, only
one click out of 5 is available for use by memory refresh, display handling, and cursor
microcode. About half the bandwidth remains in the 5th click for emulator use after
memory refresh, display, and cursor tasks have been subtracted.

Lockout occurs only if the display is outputting a line from memory and access to the low
bank is attempted. Accesses to the high bank(s) are not affected. Lockout does not occur
during retrace intervals (horizontal and vertical), or during any other period of display
inactivity (such as partially or completely shutting off the display). By convention, time
critical hardware tasks using the first 4 clicks must never attempt access to tlie low (display)
memory bank since a lockout could occur causing extra delay. See the display controller
descripdon for exact details of display timing.

Lockout is implemented by generation of a wait signal in the processor whenever' a bank
(low 64K: bank) access is attempted and the display is already using tlie low bank. The
processor suspends the microcode which started in tliat click, and continues as normal the
arbitration of what runs in the next click. In this manner, lockout in one click does not
hold up operation in the following click.

Enor Correction
,

Since soft errors can occur in the memory (alpha particles from the package, etc.) error
correction circuitry is included in the memory system. Six check bits added to the 16 bit

word provide single error correction and double error detection (SEC-DLD). No explicit
indication of single errors is provided, although the status of any particular operation can be
read from the Status & EiTors register after an operation. Error correction can be disabled,
and the check bit positions in memory selectively set by writing into die MCU register and
reading the MStatus register.

Double Error Logging

A double error signal is available and also latched on a per task basis in the MStatus
register. Thus, a task, upon entering a critical data transfer phase, could clear its particular
bit, perform the task, and then check to see if its bit was set (double eror). If an error did
occur, its effect would be limited to events in that interval, over which some corrective
action might be taken.

General Comments on Memory Programming .

Details of memory programming arc contained in die next figure, describing the memory
registers. As mentioned eariier, neither MapRef nor refresh should be asserted in cycles
odier than cycle 1. In addition, refresh should not be asserted whenever the display is

using the low bank.
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IMAR«- Memory Address Register

YHBus Y Bus
Not Used

8 3
MAR*- mem during first cycle of cllcl<.

Action: Contents of YH(6,7)„Y(0,15) Is used as memory address. Access is started.

18 Bit plivsical address

MDR<- Memory Data Register Y Bus

7 8 15MDR»- mem during second cycle of click.

Action: Contents of Y Bus go into memory location specified by contents of MAR as loaded dur ng first cycle of click.
No write occurs if tlie low 64K bank is selected and it is already being used by tiiedisf.iay.

I
^ MD Memory Data X Bus

8«-MD mem during tliird cycle of click.

Action: Memory data to X-Bus is single error corrected if MCtI bit 1 5 is set. The status of a given read operation
can be found by looking in MStatus before tlie next memory read (-MD) is done. Tine occurance of botii
single and double errors are indicated here. This operation gives the contents of tlie memory cell specified
during cycle 1, Independent of whether a write v/as specified during cycle 2.

15

MapRef Map Reference

YHBus YB us
Not
Used

1 2 7 7 8 15

100 14 Bit virtual paqe number

18 Bit physical address

MapRef during cycle 1 of click. (not during cycle 2 or 3)

Acton: This action Is the same as a MAR<- except that the physical address is derived differently.
An access Is started In the 65K • 80K bank of memory. The location accessed is specified by the 14 bit page number.

Refresh

Refresh during cycle 1 of click. (not during cycle 2, 3, or when display Is using low 64K bank)
Action: A RAS only cycle is initiated in all memory chips. Row Address is supplied from an internal 7 bit counter which

is incremented once per occurance of refresh.
DO NOT USE refresh if the display is using the low bank of memory during that cycle. No refresh will occur.

IVlCtl<- Memory Control Register Y Bus

MGtl«- during any cycle.

3
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I
1 Not A
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Action: Normally this register is set to 0. A-F can be set to one to test syndrome bits and error indications.
Individual bits of the error log can be cleared by setting bit 4 and using PtO-2 to specify the bit to be cleared.
Bit 15, Inhibit correction, affects only the data being read. Check bits are always generated and stored in
memory during writes.

<- MStatus Memory status
XBus

-MStatus during any cycle.

Action:
This register is loaded every time memory data
is read by the processor («-MD). High byte has
status of most recent memory access. Low byte
latches any occurance of double error on a per
task basis. Register is if no errors logged.

Syndrome Bits
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Err
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Err
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T3

11
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13
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14
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15

A A
1

Single Error

Double Error

Error Log

DandelionMemory Registers

if bit - 1 then a double memory
error has occurred in indicated
task (T0-T7) since last time the
bit was cleared.

[IRlS]<Workstation>MCTL>MemReg.sil
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Memory Timing

Typical memory timing is shown based on measurement of processor port of the first stitchweld
card. Botli the processor and display ports will be described.

Processor timing is shown below. The memory address must be valid on the Y and YH busses
early enough that the proper bank is selected and address lines valid for RAS' (row address strobe).
Ilie column address bits are latched by the RAS' signal. The CAS' (column address strobe) signal
occurs 42 nS after the RAS' signal and latches the column address in the memory chips. Data
becomes valid at the output of the chips at a maximum of 150 nS after RAS' or 100 nS after CAS',
whichever is later. (Because 16K chips are used, 1 of the 7 bits used for RAS must come from die low byte. The
oontents of the low byte arc often die result of an aridimetic operation computing the next address (high byte is held
fixed), 'f'he maximum settling time of die high nibble of die low byte is too long if a carry from die low nibble occurs.
Consequently, bit 12 (instead of bit 8) of die low byte is used during RAS. Cotisistent juggling occurs for map
references so diat this is invisible to the microcoder. This affects only the maximum run of sequential page mode
accesses as described below.)

When writing into memoiy, the data to be written imist be supplied during the second cycle of a
click. The data is actually written in the latter half of the third click. Notice tiuit up undl the
presence of die write pulse, all signalling is identical to a read cycle. The memory chips latch and
hold die old data on dieir outputs during a write pulse if it occurs more than 150 nS after die RAS'
signal. Thus, it is possible to write into a location and read data from it, all in die same memory
cycle.

137

Cycle 1

274

Cycle 2

411

Cycle 3

Clk

RAS'
MemChips

Address
MemChips

CAS'
MemChips

Data
Available

Oatain
MemChips

Write
Enable
MemChips

98 nS 39 nS

134 nS

70 nS

2nS

K-30 nS

Row
Address

Column Address 40 nS —M

/ h^6> ~1-7e-nS nS -^1

^

^

250 nS
-^

Chips
25 nS •^ K-

250 nS

I—

»

I 30 nS

Corrected Data
to

X-Bus

55 nS

formal Memory References th rough Processor Port
rwiHifiKHWi iffiiiimmaawwiaMBa
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The display port supports both full and page mode accesses. Ilie data delivered to the display port
is not error corrected. The full access cycle time is 280 nS and the page mode access time is 200
nS. While the full access time is. smaller than that specified in the data sheets (320 nS) for
continuous operation, it is the average diat is important, and the average cycle time in this case is

342 nS (6 full accesses per round, counting click 5). A page mode access occurs when the RAS'
signal goes low and the CAS' signal cycles several dmes, strobing several different column addresses
(low 7 bits) into the memory chips while retaining the same row addi-ess. (Because bit 12 is used during
Rj\S, the maximum number of sequential pag<; mode accesses between full accesses is 7, since bit .12 will change on
every Bth access. The insertion of full accesses at the appropriate times is handled by the display controller.) The
display controller generates ail the timing and address signals for tlie display port.

In normal operation, the display controller will seize the low bank of memory for 4 clicks of every
round. It will start with a full access which is aligned on a click boundary, and then proceed witli
page and full accesses undl the end of click 4. The other page or aill accesses will not necessarily
be synchronized with any click or cyclv. boundaries. They are packed so as to maximize the number
of accesses during die 4 clicks the display has the memory.

Click 1

Full-

LRAS- !-^20nS^

Page"

Click 2

" Page-

Click 3
!

Click 4

Full- 4— Pag e
I

100 nS

DAddr AddrN

RAS CAS

Addr

N+1 CAS

Addr

N+2 CAS

Addr

N + 3 RAS CAS

Addr

N+4 CAS

Addr

N+5 CAS

LCAS'
180 nS

60 nS

140 nS

140 nS

180 nS

DData

D
Display: Full and Page Mode Accesses—TmwiiiiiTi-niiiriiii iiiiin ii iiiiiwiiiii 1

1

—TTfWWTffMITI'TlVftHrM I II IMI I I
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Memory Interface Signals

lliere are 6 groups of signals for the memory control card. They are power, data/address, error,
register control, processor clocks, and memory clocks.

Power (29 watts typical)

+ 12 volts

+ 5 volts

-5 volts

Ground

Data/Atidrcss Busses

Y Bus

X Bus
YHBus
Display Data
Display Address
Task);f

16 data must meet 15 nS setup time, address meets setup
based on bit position (YO-7 65nS, Y8-H llnS. Y]2-i5 36nS)

16 data available 45 nS min. before end of cycle 3

8 data must meet 80 nS setup time (includes 2 extra lines)

16 lines

16 lines

3 lines (used for error logging)

Error Indication

MemError

Register Control

'^The control section

output to the bus,

mem

cl

c2

c3

MCtl*-'

<-MStatus'

MapRef
Refresh'

Disp/Proc'

Memory clocks

RAS'
CAS
LRAS'
LCAS
WPulse

Processor clocks

available approximately 45 nS before end of cycle 3

setup time = 70 nS

of the processor must supply signals to load registers and enable data

MAR«-
MDR^
^MD

cl only

cl only

When ANDed with cycle 1,2, or 3 produces the

following;

Loads memory address reg. from Y & YH busses
Loads memory data reg. from Y bus & starts write

Gates memory data to X bus
Control reg. widi check bit inversion, bank select, and

ECC enable bits

Gates MStatus register to X bus
Does a MAR<-, but with juggled bits.

Causes a refresh operation and increments refresh

counter

Goes high when display port is using low 64K.

(IJI - low-high transition, HL - high-low transition)

HL 121 nS into cycle 1 re: qualified clock. LH at end of c3
LH 24 nS into cycle 2 re: qualified clock. HL at end of c3
Same as RAS, except when- low bank is used by display

Same as CAS, except when low bank is used by display

LH 40 nS after qualified clock, HL 19 nS before qualified clock

Cycler
'

Cycler
Cycle3'

ppClock

Low during "cycle 1 of click.

Low during cycle 2 of click.

Low during cycle 3 of click.

137 nS period witli 39 nS pulse width (Ui -7 nS, HL - 91 nS)
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Memory Banks & Standby Power

Tlie system (including the storage card) contains a total of 12 - 16K memory columns. To minimize
power consumption, only one column at a time is cycled for nonnal memory accesses, and two at a
time if ttie display is using the low 64K while the processor is using one of die higher banks.-
During refresh, all banks receive a RAS only cycle. Cycling all banks continuously in refresh cycles
causes a drain of 3.75 amperes from the + 12 volt supply while cycling only 2 banks with normal
memory references consumes 1 ampere.

System Parts Cost

Tlie memory card can be broken up into control and error correction logic, and memory chips.
Below are die chip counts and cost estimates for both die memory control card (64K) and storage
card (128K).

Component

Memory logic @$ I

Memory chips @$ 5

Bypass Caps @$ .20

PC Board

Total

Mem. Control + 64K
IC's $

77 77
88 440
165 33

- 100

165 $650

128K Storage

IC's $

26 26

176 880
202 41

- 100

202 $1047

Probability of Single and Double Errors

llie following calculations yield probabilities of errors due to independent random processes in each
chip. They do not include correlated events such as power line transients or static discharges which
could affect all of the chips at the same time. A memory with 22 bits/word is assumed.

llie hard failure rate is assumed to be .04%/1000 hours. The mean time to a single hard chip
failure is about 13 months (9470 hrs.) for a 192K system using 16K memory chips.

'^The soft error rate for the chips is assumed to be 1%/1000 hours. Following are the probabilities of
0, 1, and 2 soft errors in a 22 bit word in a 10 hour period. 10 hours was selected as die interval
over which errors could accumulate, with the system being reset after 10 hours. It is expected that
most systems would be rebooted at least once in 10 hours. The mean time between single errors is

38 intervals and the mean time between double errors is approximately 36,200 intervals. It should
be pointed that these probabilities are those diat one would expect to measure widi a program
which continually scans through all memory cells looking for an error. If a program is confined to
a small segment of memory, it would perceive a proportionately smaller probability of soft error.

Prob.(0 errors in 22 bit word in 12 bank system in 10 hr. interval) =.9736
Prob.(l single error in 22 bit word in 12 bank system in 10 hr. interval) =.0263

Prob.(l double error in 22 bit word in 12 bank system in 10 hr. interval) =2.76 x 10"^

Error Correction Logic

Tlie error correction logic generates 6 check bits which are stored with each 16 bit word to provide
single error correction and double error detection. 6 chips are used to generate the check bits. 25
chips arc used to generate the syndrome bits, correct die data bits, and provide die capability of
recording errors on a per task basis. Details of the error correction logic, including correction code
tables, are included in die logic drawings.
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RAS-GAS Multiplexer

Between the leading edges of tlie RAS and CAS pulses, tlie contents of the address lines to the
memory chips must change from the row address to the column address. This transition must occur
after the 20 nS hold time requirement for the row address and before the column address setup
requirement of 10 nS after the CAS pulse (i.e. setup time = -10 nS). Since CAS' follows RAS' by
only 42 nS, tliis leaves a 32 nS window in which die transition can take place. The design center
for typical chips is 30 nS which allows for a 10 nS delay in the RAS' buffer chip or 22 nS extra
delay in the delay line, multiplexer and address driver circuits. TIiq RAS-CAS multiplexer is

switched by a delayed version of RAS, with the delay generated on board to minimize possible
skew.

The delay circuit is implemented using an inductor, capacitor, and resistor (single clement delay line
terminated in its characteristic Impedance of 360 ohms) feeding a gate. This is used in preference
to a packaged delay line because it costs less, takes less space, and will be easier to adjust when
converting to a printed circuit board which will probably require adjustment of the delay. To

" minimize noise pickup, die delay components should be located' next to the g'ate receiving the

signal, ( Delay in seconds D = (LQ'^ Impedance in ohms Z = (L/C)"^ : L-IIenrics. C-Faiads )

Memory Array Line Termination

It is important to terminate the lines driving memory chip inputs to prevent damage due to

undershoot on the high-low transitions. The memory chips require that their inputs never go
below -1 volt, to prevent forward biasing some internal parts of the chip and causing damage.
Undershoot (and overshoot) result from the transmission line behvior" of die signal lines in the
array. This behavior becomes evident whenever the signal risetimes are comparable to the
propagation time dirough the line (5nS and 3nS respectively for diis system). Either scries drive or
shunt termination can be used with the lines. Both of these are shown in the following figure. The
series drive consumes less power, since there is no steady state current flow, but it has a much
longer propagadon time.

Because speed is important in this system, the direct drive with matched termination was selected,
^fhe Shottky TFL drivers have an asymmetrical outout capability; they sink more current than Uiey
can source. For diis reason, the terminadon resistor is terminated to a +2 volt source instead of
ground. To obtain this voltage widiout excessive dissipation, half of the address lines are driven
with the true value of the address while the other half are driven with the complement of the
address. All of the tennination resistors are tied to a common capacitor tied to ground. This
amounts to a voltage divider widi half of resistors tied high and the other half tied low, since each
true value has a complement.

The last figure gives results of tests on the DO 96K storage card. This is of "interest because it

provides a reasonable estimate of what impedances might be expected for the address and control
lines on a PWA. The impedance of die trace loaded with chips is in the 50 to 60 ohm range.
Using a 62 ohm resistor to 1.9 volts results in a source current requirement of 25 mA and a sink
current requirement of 29 mA. I'he effect of a 20 niA source current on chip temperature rise is

tabulated in the bottom box of the figure. The dissipadon in the S241 is the largest, since it

contains 8 drivers. The extra junction rise should not cause trouble, however, since the 54S241 is

rated to 125^C with the same .5 watt internal dissipadon (i.e. a 55°C rise above the commercial
part spec). To ease the dissipation slighdy, die termination resistor values are selected to produce
about .4 volt undershoot, a value slighdy larger than the characteristic impedance of die line.

Power Supply Considerations

The memory system requires +12 volts, +5" volts, aiid"-5:2 volts, all with a tolerance of +^10%.
The -5.2 volt supply must never go positive with respect to ground when the -1-12 volt supply is on.
While the chip manufacturer does not require it, they suggest that the -5 volt supply be the firet to

come on and the last to go off The supplies should be bypassed at entry to tiie board and at every
logic chip and every diird memory chip.
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Propagation Delays
and Line Termination

Purpose is to minimize ringing and underslioot on the signal line.

Series Drive

R

B

t; I I I I I I—I—

1

II I I I I I ^ I

B

One Way
Propagation
Delay

1.0

.5

Note that point B taltes the longest to sea a full signal swing.
This termination technique takes less drive current.
Resistor value, R, should be same or slightly less than line impedance.

Direct Drive with Matciied Termination

B

X 1 l" 1' '1 ± 1 1 1
5 T 5 5 5- ^ I 5

B

One Way
Propagation
Delay

->

— 1.0

— .5

Termination resistor requires large drive current in logic high state. Terminating resistor to
+ 2 volts instead of ground eases thisproblem considerably.

Resistor R, should be same or slightly moro than line impedance.

PropOl.sil
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RAS

Bank Select

Address

RAS'

T X T -L X
T T

Write'

CAS

v^240

\S240

Additional Pullupto reduce
Dissipation in S240, S241, & S37

S240,S241 have max source
current of 15 nnA. A voltage
sou rce of 4 volts with a 25
ohm series resistor mal<es a
reasonable model of the S240
output when in the higli state.
Thus, logic high output voltage
must be 4 - .015x25 = 3.625 V
or greater. Terminator current
must not exceed 1 5 mA and
consequently the common node
voltage supplied to terminators
may hav^J to be raised by use
of an additional pullup resistor.
Below is a table of terminator
resistor values, R, and associated
pullup resistor parameters.
The 64 mA sink spec is also met
by the following values.

Term

R

Com
Node
V

Additional Pullup

Rd IP Rp Diss.

47 2.92 2.2 .94 A 1.95 W

75 2.5 6.8 .37 .92

100 2.13 22 .13 .36

121 1.82 Infinit(

Address

Address'

Write'

CAS'

Number of each
type of line for

64K bank.

RAS'
CAS'
Write'

AddressOO
AddressOl
Address02
Addresses
Address04
AddressOS
AddressOe

RAS'
CAS'
Write'

AddressOO'
AddressOl'
Addross02'
Address03'
Address04'
AddressOS'
AddressOe*

Column 1

Column 2

Shunt termination

Rt

(4)

1.2 R
-'N/W-
(14)

R

(4)

R

(4)

C = 4 pF Address

8pFRAS',CAS',Write'

Line Impedance

Z = VT
L - Inductance/ unit length
C Capacitance/unit length

R = resistance value resulting
in -'.25 volt on negative peak
of high-tow transition. This will

be somewhat larger than the
characteristic impedance of line.

<-

Columns must be
paired to
^balance current
from address lines.

Com Node
Voltages approx. 2 volts

P >rr- Additional pullup if needed

< Ip

S volts

.1 ufH- 1 I

J '"

located next to each
rminator package.

Excess dissipation due to shunt
termination = 3.1 watts
per64K (4 columns of 10
lines each, R = 50 ohms).

Number of 1 's & O's contributing
to the capacitor voltage under
vorious conditions

No Access Write Refresh

14- 1 14- 1 14- 1

14-0 14-0 14-0
a-

1

6- 1 8- 1

4 -CAS 4 -CAS
RAS
Write'

4 -RAS

22 + 1.33 20+1.33
+ .25 + .85

23.33 22.43

22 + 1

23

Capacitor voltage =

-^ X V|^ = .575 X 3.3V = 1.89V

This can be increased by use
of additional pullup shown above.

Shunt termination of the memory drive lines can speed up the memory. See 96K storage card tests. Supplying 2 volts
for the terminating resistors can be accomplished by inverting the signal to half of the address lines.
This guarantees a level half way between logic high and logic low. Connection of terminators for RAS, CAS, and
write moves this level up somewhat and causes some variation du ring different operating conditions of the
memory. This variation is not too great as can bo seen from the calculation in the box above.
Biasing the termination voltage upward with an extra pullup could be used te reduce the power dissipation In the
driver chips when In the high state. With R greater than about 1 20 ohms, this should not be necessary.

Memory Line Drive and Termination
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S3 7
Series Res.

input

-X—ZT
T T T T

C = 4pF Address

SpFRAS'.CAS'.Wrile'

End

Shunt termination

1.9 V

.1 uF-

Voltage

— H

\

H-HIgh level

L- Low level

U-Undershoot
on HL transition

- L
\_/_.

Time
U

Tests on DO 96K Storage Card 6.24.79

CAS Line

Series

Shunt

S37 S37 18 Mem. Chips Voltages— Input Output Begin End Termination H L U
LH * nS 4 nS 9 nS 8 nS 27 ohm 4 V .2 -.4

_HL 6.5 12 9.5 series

LH 4.5 S.S 8 62 ohms 3.5 .3 -.3

HL 4.5 5.5 8 to 1.9 V

Extra Supply
Current

.01 A

L- to 1 .9 V

Addr. Line

Series

Shunt

S37 S37 18 Mem. Chips Voltages— Input Output Begin End Termination H L U
LH • nS 4 nS 8 nS 7 nS R = 27ohm 3.8V .2 -.7

HL 5 9 7.5 series

Extra Supply
Current

.01*• LH 4 5 7 R = 62ohm 3.45 .3 ..4

_HL 4 4.5 7 to 1.9 V

• Timo Is from 1.3 V point on input to .8 V for HL and 2.8 V for LH.
18 chips in row 9" long
RIsetime and falltlme for stiunt terminated line s SnS.
Propagation time for 10" line with 6 loads LH- 3 nS HL- 2 nS. (TTL loads)
Extra supply current Is that due to the 62 ohm shunt termination.
Undershoot Is measured at the end of the line.

Power Consumption lOa memory chips MK4116-2

Conditons +12V +5V
RAS cycling 310 nS-L& 100 nS-H 1.41 A .07 A
CAS cycling 310 nS-L& 100 nS-H .07 .07
RAS & CAS cycling L- 310 nS H- 100 nS 2.13A .14A
Quiescent current .07

Effect on IC package dissipation
Package Thermal Resistance Internal

junction to ambient Dissipation
Extra dissipation for

20 mA@ 3.5 V out
Extra Junction
temp, rise

Total

temp, rise

S241 20 pin 80 °C / watt .5 W .24 W 19.2 °C 59.2 °C

S37 14 pin 100 *'C/ watt .18 W .12 W 12 °C 30 "C

ceramic pacl^ages

Tests on DO 96K Storage Card


